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INTRODUCTION 
This study of the American coot tPulica americana) Gmelin 
was initiated in 19^3 in marshes near Ruthven in northwestern 
Iowa. Initially the study was established to examine factors 
which influence clutch size in the coot. This species was 
chosen as the experimental bird because it was considered to 
have many desirable characteristics for a study on clutch 
size: Coots were present in large numbers on northern Iowa 
marshes. They nested in high concentrations, and built nests 
which were easily located. The species had a strong brooding 
drive and high nest success, which, allowed intensive work in 
the nesting area without causing excessive losses. Finally, 
the coot was relatively easy to capture and color-mark. 
Coots had some characteristics which were unfavorable 
for a study of this type: For example, coots do not exhibit 
obvious sexual dimorphism; thus, to clarify some observations, 
birds had to be captured, their sex determined, and individ­
uals marked. Because both sexes incubate and care for the 
young, more difficulty was encountered in counting and 
following broods. However, the advantages of using coots as 
experimental birds exceeded the disadvantages. 
Ornithologists have suggested numerous factors which are 
believed to influence clutch size. The author was particu­
larly interested in two of these factors—the number of eggs 
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a bird can successfully incubate and the number of young that 
can be successfully reared,. The number of eggs which, could 
be incubated successfully by this species was determined by 
adding eggs to nests and measuring their success. Small 
clutches were formed by removing eggs from nests. These 
small clutches served as a check against egg and nest success 
of large clutches. Data on three other factors (time of 
year, weather, and habitat quality) also were recorded as the 
opportunity arose. 
The project was started in late May of 1963, after coots 
had started nesting. Therefore, the first summer was devoted 
to gaining the essential knowledge of nesting habits of the 
coot and developing techniques for trapping and color-marking. 
During the nesting seasons of 1964 through 1966, experiments 
with clutch, size were conducted and data were collected on 
the reproductive behavior of the coot. 
The study of clutch size required a better understanding 
of other reproductive behavior because of its relationship 
to clutch size. Therefore, an effort was made to study be­
havior intensively during the final year of the study (1966). 
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REVIEW OP LITERATURE 
Breeding Behavior of the Coot 
Observations on the general reproductive behavior"uf-
coots have been recorded by numerous workers, Sooter (1941) 
conducted intensive studies on the coot in northwestern Iowa. 
By removing eggs from nests, Sooter found that coots could 
lay from 14 to 18 eggs (average of 15.88). Observations 
showed that both parents defended the territory throughout 
the breeding season and that both parents incubated and 
brooded. Sooter suggested that incubation started as soon 
as the first egg was laid; however the evidence for this 
behavior was not presented. During the period that Sooter 
made his observations, large numbers of coot nests were un­
successful. Strong winds and rainstorms were found to be an 
Important factor in destruction of these nests. 
The most detailed observations on the breeding cycle of 
coots were reported by Gullion, who studied a small resident 
population in California. Gullion published information on 
voice differences between the sexes (1950), on the histology 
and development of the frontal shield (1951), sex and age 
determination (1952a), and observations on molting (1953a). 
He described displays and calls of the coot during territorial 
and courtship activities (Gullion, 1952b) and related these 
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to territorial activity. The paper on territorial activity 
(Gullion, 1953t)) described both inter and intraspecific 
territorial- activity and the seasonal variations in this be­
havior. Gullion (195^) presented his observations on the 
reproductive cycle of coots, and compared their behavior 
with other Eallidae. He described nest-building, laying, 
incubation, and hatching in detail; however, pairing, copu­
lation, and brood-rearing were not discussed as thoroughly. 
The territory was chosen by the female coot but both 
members of the pair took part in its defense (Gullion, 1953b). 
In resident birds in California, the territorial behavior 
lasted throughout the year but the winter territory was re­
duced in size to a core area located near the nest site of 
the previous season (Gullion, 1953b). A similar situation 
was reported for F. atra in Europe (Cramp, 19^7) except that 
the territory was not defended for a short period while the 
lake was used heavily by migratory waterfowl. In migratory 
populations of F. atra the territory was established a short 
time before laying and was maintained until the adults left 
the brood. 
The time of initiation of incubation of clutches early 
in the season varied (Gullion, 195^)- Some birds started 
incubating after two eggs were laid while others completed 
the clutch before incubating. Incubation of second nests in 
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California began with the first egg. and males did most of 
the incubating. Coots became more aggressive as incubation 
progressed with the peak of nest defense occurring when eggs 
were hatching. Eggs pipped from 12 to 76 hours (average, 
36 hours) prior to hatching (Gullion, 195^)- He believed 
the presence of eight young would stimulate the brooding 
drive and suppress the drive to incubate sufficiently to 
terminate incubation behavior. 
Because eggs hatched over a period of several days, 
Gullion found that males assumed the major share of incuba­
tion and brooding duties while the female found food for 
the j'oung. Occasionally the female relieved the incubating 
male. 
Sooter (19^1) checked food habits of young coots and 
found that they fed on animal material to a greater degree 
than did adults. During the first few days after hatching, 
Gullion (195^) observed that young coots were fed exclusively 
on animal matter. Later the young coots consumed consider­
able quantities of vegetable material. 
Studies on the American coot in relation to other water-
birds were conducted by Munro (1939), Sooter (19^5) and 
Ryder (1959). Both Ryder and Munro indicated that coots 
attack waterfowl but this activity did not seem to restrict 
production of Anseriformes. 
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Less intensive observations on behavior were made 
earlier by Henshaw (1918) on aggressiveness, by Hollister 
(1919) on brooding, and by Wetmore (1920) and Walker (1932) 
on nesting. Population dynamics and migration were in­
vestigated by Burton (1959) and Ryder (I963). 
Studies of the European or black coot have shown that 
many similarities exist between the American and European 
species. The most extensive study of F. atra was by 
Kornowski (1957) Germany. He found that the European 
species was best sexed by calls, that incubation did not 
commence before the fourth egg nor after the seventh egg 
in first nestings, and that incubation lasted 23-24 days. 
Laying Patterns 
The laying patterns of birds are classified as "deter­
minate" or "indeterminate". If the normal clutch size of a 
species remains constant when eggs are experimentally added 
or withdrawn from the nest during the laying period, the bird 
is considered a "determinate layer" (Cole, 1917)• In this 
case the size of the clutch, ^ esumably is predetermined by 
genetic controls.. If clutch size is significantly larger or 
smaller than, normal because of manipulations, the bird is 
called an "indeterminate layer". 
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Members of the Class Aves show great diversity in laying 
intervals. Some birds normally lay an egg approximately 
every 24 hours: American coot - Sooter, 1941; least bittern 
(Ixobrychus exilis) - Weller, 19^1; blue-winged teal (Anas 
discors) - Bennett, 1938. In some families (Ardeidae, 
Accipitridae, Ciconlidae, Alcidae) intervals of two or three 
days between laying are common (Austin, 1961). 
Factors which stimulate laying cycles in birds have 
received much study. Length of the daylight period has been 
shown to have a stimulating effect on gonads (Rowan, 1925; 
Wolfson, 1959; Farner, 1959). However, males have been 
studied in most cases and similar effects on females have 
been assumed. Temperature appears to have an effect on some 
species. Salomonsen (1939) found that in herring gulls 
(Larus argentatus) peak periods of laying followed periods 
of mild weather at ten day intervals. The great tit (Parus 
ma.1 or) breeds later If the days below freezing in January 
and February are greater than usual (Kluijver, 1951)' Birds 
of arid climates were observed to have breeding cycles which 
closely follow periods of precipitation (Serventy and 
Marshall, 1957)• 
In some species the presence of a bird of the opposite 
sex may be important to stimulate laying (Lehrman, Drody, 
and Wortis, 1958). Work by Picken, van Tienhoven, Picken, 
and Sibley (i960) indicated that female budgerigars would 
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lay in complete darkness provided that they could hear 
vocalizations of courting pairs of the same species. Laying 
in some birds may be influenced by availability of nesting 
sites. Brant (Branta bernicla) and lesser snow goose (Anser 
caerulescens) arrive on the breeding ground with full ovarian 
development but ovulation appears dependent on the avail­
ability of nest sites, although food may be a factor (Barry, 
1956). There is a great deal of confusion as to the im-._ 
portance of these factors; therefore, much information is 
needed on all factors before the inter-relationships and 
Importance of a given factor can be properly elucidated. 
Reviews on reproductive behavior and laying in birds have 
been published by Burger (19^9)> Eisner (i960), Lehrman 
(1961), Marshall (I96I), and van Tienhoven (196I). 
Experimental Study of Laying Patterns 
The classical experiment on laying behavior was per­
formed by Phillips (I887), who removed eggs daily from a 
flicker (Colaptes auratus) nest over a period of 73 days. 
As a result, the flicker laid a total of 7I eggs. 
Members of the orders Columbiformes (doves), Procellar-
iiformes (albatrosses, shearwaters, and petrels), and Chara-
driiformes (shorebirds) usually are considered determinate 
layers. However, evidence now shows that herring gulls 
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and black-headed gulls (L. rldlbundus) probably are indetermi­
nate layers (Salomonsen, 1939 and Weidmann, 1956). 
Egg laying experiments on herring gulls were conducted 
by Salomonsen (1939). By taking eggs from nests, he found 
that laying could be prolonged to over two months. One bird 
laid as many as l6 eggs in one nest in response to egg re­
moval. This evidence showed that herring gulls were in­
determinate layers. The average Interval between laying of 
eggs was 2.1 days. However, when more than three eggs were 
laid in a clutch, the average interval increased to 3*2 days. 
Black-headed gulls, which normally lay a clutch of three 
eggs, were used as experimental birds by Weidmann (1956). 
When he removed the first egg of a clutch within 12 hours 
after it was laid, females tended to lay more than three 
eggs. A fourth, egg usually appeared in the next two days 
after the laying of the third egg. If the first two eggs 
were removed immediately after being laid, protracted laying 
occurred. In several cases a female laid as many as seven 
eggs. 
Emlen (1941) studied the tricolored blackbird (Agelaius 
tricolor) in California. Experimental evidence showed tri­
colored blackbirds to be determinate layers in which laying 
cannot be prolonged or shortened by removing or adding eggs. 
To measure the response of this species to advancing or de­
laying of the nesting cycle, Emlen removed nest linings, 
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introduced nestlings, and added eggs which would hatch 
previous to the normal incubation period. Neither rate nor 
duration of laying was affected significantly. 
Variation in Clutch. Size 
Several studies of variations in clutch size have been 
made by workers on different continents. Probably the best 
known analysis is the work of Lack (194?, 1948a, 195^). The 
bulk of his information was based on studies of European birds 
but the principles involved seem to apply to birds of other 
continents. In general, average clutch size of closely re­
lated species tends to increase from the tropics toward the 
poles, from west to east in Europe and North. America, and from 
March to June. Clutch size among introduced species tends to 
decrease. Lack believes that ultimately the average clutch 
size is determined by the average number of young for which 
parents can find sufficient food (Lack, 19^7). 
A study by Moreau (1944) supported the idea of clutch 
size decreasing among introduced species. Clutch sizes of 
house sparrows (Passer domesticus) and starlings (Sturnus 
vulgaris) in North America were compared with data obtained 
in Britain, their native country.' He reported that house spar­
rows in North. America had an average clutch size similar to 
the average in Britain; however, starlings had an average 
clutch size appreciably smaller in North America. 
11 
Decrease in clutch size with the advance of the nesting 
season has been recorded by Sowls (1955)» Bennett (1938), 
and Low (19^5) in waterfowl. However, intensive studies of 
renesting behavior of the blue-winged teal by David Stroh-
meyer of the Minnesota Museum of Natural History in Minneapo­
lis, Minnesota indicated that the smaller number of eggs in 
renests may not represent all eggs ovulated during a laying 
cycle. Teal will begin a renest on the morning following 
destruction of a nest; hence, nests with fewer eggs may not 
represent the number of ovulations during a new laying cycle. 
More careful observations seem necessary to show conclusively 
that some species do have a smaller clutch late in the nesting 
season. 
Not all species have a tendency to lay a smaller clutch 
as the season advances. For example, the least bittern 
tends to lay a larger clutch late in the nesting season (Well-
er, 1961). 
Possible Factors Influencing Clutch Size 
Ornithologists have suggested a variety of factors which 
could influence clutch size. Welty (I963) listed these 
factors as follows; size of bird, size of nest, age of bird, . 
number of eggs a bird can successfully incubate, number of 
young that can be successfully reared, number of broods per 
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season, intensity of prédation, population density, geo­
graphic distribution, migration, time of year, length of 
day light, climate and weather, type of habitat, food (its 
nature, abundance, and availability), and number^of parents 
caring for the young. Presumably these different factors 
influence the clutch size of a species directly during each , 
breeding season as well as through" the gradual long-term 
changes of natural selection. Each species lays an average 
clutch which is controlled basically by heredity. However, 
in the case of indeterminate layers, proximate factors in­
fluence the clutch size during each breeding cycle. 
Factors which operate .through natural selection on the 
genetic controls of clutch size are termed "ultimate" factors. 
Presumably, the result of these genetic changes has been the 
evolution of maximum production for each species (Lack, 
195^)• Maximum production does not necessarily mean maximum 
egg production because the number of young which can be 
successfully reared and which reach breeding age may be quite 
different from the number of eggs that can be produced. For 
instance, more young may reach the reproductive stage from a 
small clutch because inadequate care of large broods may in­
crease mortality of the young in a large clutch (Lack, 19^8b 
and Rice and Kenyon, 1962). 
13 
"Proximate" factors operate more directly on the 
physiology of reproduction to initiate laying, and to cause 
changes in numbers of eggs ovulated in indeterminate layers. 
There is some overlap between ultimate and proximate factors. 
A certain factor may have an immediate effect in increasing 
or decreasing the clutch size and could then be considered 
as a proximate factor. Over long periods of time such a 
factor also might influence the genetic make-up so that the 
bird has a different average clutch size. 
The influence of food as a controlling factor of clutch 
size has been studied. Lack (195^) has presented evidence 
that ultimately the average clutch size is determined by the 
average number of young for which parents can find sufficient 
food. Because Lack believes that animal populations repro­
duce at a maximum rate, food would exert population controls 
by its effect on clutch size. 
Not all workers accept Lack's theory on food as the 
mechanism in controlling clutch size. Birds of tropical 
rain forests were studied by Skutch (1949). His observations 
on nesting birds indicated that tropical birds reared fewer 
young than they could nourish. Thus, he disagrees with 
Lack's hypothesis. Wynne-Edwards (I962) proposes that popu­
lations may be regulated by social behavior. Lack and Wynne-
Edwards both agree that food is generally the environmental 
resource which, ultimately limits animal populations; however, 
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Wynne-Edwards believes that populations are generally 
controlled before the food resource is depleted. Territory, 
social rank, and epideictic display are examples of social 
behavior which act to limit animal populations. 
Laysan (Diomedia immutabilis) and black-footed alba­
trosses (D. nigripes) were studied by Sice and Kenyan (1962) . 
They found that the incubation patch can accomodate only a 
single egg. Second eggs added to clutches were either pushed 
out or were buried in the nest. None of the additional eggs 
hatched. 
The differences of opinion which exist between various 
workers may be attributable to the fact that different 
mechanisms may be regulating populations to different degrees 
in different cases (Weins, 1966). 
Incubation Behavior 
In birds which lay more than one egg per clutch, incuba­
tion may begin at various times during the laying period. 
The Gaviidae, Columbidae, Phalacrocoracidae, Ardeidae, 
Ciconiidae, Accipitridae, Falconidae, Jacanidae, Chionididae, 
Laridae, Psittacidae, Cuculidae, Tytonidae, Strigidae, 
Upupidae, Bucerotidae, Corvidae, Ptilogonatidae, Vireonidae, 
and some Eallidae have representatives which begin incuba­
tion with the first egg or well before the clutch is complete 
15 
(Kendeigh, 1952). In these families both sexes share in the 
Incubation duties or the male feeds the female while she is 
on the nest. At high, latitudes incubation may begin with 
the first egg because freezing temperatures commonly occur 
dur^g the early days of nesting (Wynne-Edwards, 1962). 
Penguins lay either one or two eggs and incubation may begin 
after either egg (Kendeigh, 1952). Emperor penguins "nest" 
in the Anarctic winter and must incubate the single egg 
continuously to prevent it from freezing (Austin, 196I") . 
In contrast, the Anatidae, Tetraonidae, and Phasianidae 
usually have large clutches and incubation is initiated only 
when the clutch is completed. The Megapodidae are a unique 
group of gallinaceous birds that do not incubate their eggs 
by body heat. Their eggs are placed in mounds with, rotting 
vegetation, buried near active volcanoes, or buried in sands 
that are warmed by solar radiation (Kendeigh, 1952). Suffi­
cient heat is supplied for development of the eggs but the 
parents regulate the temperature around the eggs for optimum 
development (Frith, 1956). Heat sensitive areas on the head, 
neck, and underwing allow these birds to check temperatures 
in the "nest". Materials are added or taken away to control 
the temperature of the eggs. 
The length, of the incubation period varies greatly with­
in the many species of birds. Short incubation periods are 
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found in birds with altricial young, but birds with precocial 
young tend to have longer incubation periods (Kendeigh, 1952 
and Nice, 1964). Egg size also has some influence on the 
length of the incubation period and the stage of development 
at hatching. Birds with large eggs such as kiwis and alba­
trosses have incubation periods which may last 80 days 
(Austin, 1961). The incubation period in passerine birds 
generally lasts about 14 days (Kendeigh, 1952). However, 
hummingbirds require an incubation period of l4 to 19 days 
despite the small size of their eggs. 
A relationship may exist between the clutch, the size 
of the brood patch or the number of brood patches, and the 
incubation behavior of birds. Beer (1965) studied black-
billed gulls (L. bulleri) and found that, in this species, 
three normal eggs in an undisturbed nest• produced optimum 
incubation behavior. He formed clutches of different sizes 
by adding egg models to nests or by removing eggs. Gulls 
with either less than three eggs or at least five eggs 
completed fewer settling sequences and had on the average 
shorter attentive periods. He associated these findings with 
the presence of the three brood patches found on this species. 
Brood Rearing 
- - The amount of parental care received by young birds 
varies greatly among birds. There is no parental care in 
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the megapodes; whereas, members of the Order Procellarii-
formes may feed and brood their young for several months 
(Austin, 1961). Species of birds with altricial young have 
evolved complex patterns of parental care as compared to the 
less complex patterns found in birds with precocial young 
(Kendeigh, 1952). The ability of a species to rear its 
young varies greatly and is influenced by the number of 
parents caring for the young, the size of the young, stage 
of development at hatching, and the availability of food. 
In the families Otidae, Glareolidae, Gruidae, Rallidae, 
Golymbidae, Gaviidae, and some gallinaceous and shore birds 
which are precocial, the young are fed by the parents during 
the first few days after hatching (Kendeigh, 1952). Laridae 
have young which are intermediate between the precocial and 
altricial condition and are fed by the parents until fully 
fledged (Kendeigh, 1952). 
Exp-rimental Work on Brood Rearing and Survival 
The '.i;i<.sr\'al in the reproductive cycle when young birds 
will be accu^T^d by the parents has been studied. Emlen 
(1941) found that tricolored blackbirds accepted young 
placed in the nest after less than one day of incubation. 
Nice (1964') reported that most birds respond to the stimulus 
of the young and care for them. However, experimentation 
18 
with penned ring-necked pheasants (Phasianus colchicus), 
which are indeterminate layers, was conducted in Wisconsin 
by Breitenbach, Nagra, and Meyer (I965). They reported that 
hens were less likely to accept chicks prior to a normal 
period of incubation but readily accepted chicks following 
periods of extended incubation. 
Experiments on the black phoebe (Sayornis nigricans) 
were conducted by Kinsey (193$)• He found that birds with 
newly hatched young or birds with eggs would accept older 
young even though they were fully feathered. However, he 
did find that adult birds with half grown young would not 
incubate eggs. 
Lack (1948b) summarized the data on survival of starlings 
in Europe. He found that each nestling was fed less often 
in a larger than in a small brood. The band recovery-rate 
for starlings which survived at least three months after 
leaving the nest was lower for young from broods of large 
size. 
Several experiments have been conducted on brood rearing 
and survival of oceanic birds. Experiments on Laysan and 
black-footed albatrosses were conducted by Rice and Kenyon 
(1962). Eighteen pairs of albatrosses were given one addi­
tional chick with the following results: In nine nests the 
parents fed both chicks, but in most cases one chick grew 
faster. At 15 nests both chicks survived but survival of one 
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pair of chicks was improbable. These workers also killed 
one parent of each of 13 pairs of Laysan albatrosses to 
determine the ability of a single bird to rear young. Only 
one of the thirteen chicks was fed regularly. The chick 
fed regularly and seven chicks fed irregularly survived. 
However, the seven fed irregularly were still present after 
the normal departure time of the young; hence, long term 
survival of these young was questionable. 
A breeding colony of Leach's petrel (Oceanodroma 
leucorhoa) on Kent Island in the Bay of Fundy was studied by 
Huntington (1963). Normally this petrel lays only one egg 
but Huntington added a second nestling of similar weight 
and stage of development to each, of two nests to test the 
parents ability to rear more than one nestling. All four 
nestlings died, which. Huntington suggested was the result 
of the parents' inability to feed two nestlings. Therefore, 
a clutch of one probably resulted from selection toward a 
clutch producing a brood which two parents can successfully 
rear. 
The Atlantic gannet (Sula bassana) normally lays one 
egg but twins were formed experimentally by adding an addi­
tional egg to a nest (Nelson, 1964). It was found that the 
gannet could hatch the two eggs as successfully as one. 
Twins lagged behind single young in weight gain but fledging 
success was Q3%. No data were given on long term survival. 
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The raising of two young could increase production by 76^; 
however, some factor must be operating to inhibit this in­
creased production because it does not occur naturally. 
Ricklefs (1965) studied the curve-billed thrasher 
(Toxostoma curvirostre) and found that thrashers which lay 
a large clutch tended to have a higher portion of the brood 
die. He believed food availability was a key factor deter­
mining the number of young which survived. 
F"-:: "i ment s were conducted on herring gulls and lesser 
black-backed gulls (L. 1 useus) to determine their ability to 
raise larger than normal broods (Harris c aib, 1965). New­
ly hatched chicks were added to normal broods to increase the 
number to four, five, or six. They found that many chicks 
died but none succumbed directly to starvation. However, 
the adults were unable to successfully protect a large brood 
of chicks from adverse weather. 
These studies indicate that the factors which, influence 
clutch size vary greatly among different species. Some 
species can successfully incubate more_eggs than normal 
while others incubate less efficiently or with no success 
when additional eggs are added to a nest. When additional 
young are added to nests, some species will accept them at 
any time during the incubation period but others require an 
adjustment period before young are accepted. Oceanic birds 
tend to rear only a single young. At least one species. 
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which normally rears only one young, has experimentally 
raised twins. However, twins did not gain weight as'rapidly 
as single young. More information on the survival of young 
after fledging is needed. 
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STUDY AREA 
The general area of study was in northwestern Iowa near 
Huthven, an area studied and described in detail by Bennett 
(1938), Low (19^5)J and Glover (I956). Intensive experi­
mental work was conducted on three state-owned marshes 
(Figure 1). Two of the areas, Smith's Slough (Figure 2) and 
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Dan Green Slough (Figure 3), are located In'Clay County 
northwest of Ruthven, Iowa. The third area was Rush Lake 
(Figure 4) located in Palo Alto County 15 miles south of 
Ruthven. All three marshes are of glacial origin but have 
been modified so that water levels are controlled by man-
made structures. The dominant vegetation was cattail 
(Typha spp.)• which provided the major nesting cover for 
coots and other species which nest over water. 
Smith's Slough and Dan Green Slough had a high popula­
tion of breeding coots in 1963 and 1964 but by 1965 these 
marshes had progressed toward the open-water stage (Weller 
and Spatcher, I965) and coot populations declined drastically. 
In 1965 Rush Lake still had a high coot population which 
seemed to be a response to excellent vegetative density and 
intersperslon resulting from marsh management. 
Fewer nesting coots were present in I966 than in 
earlier years of the study. Experimental work was conducted 
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Figure I. Map of the Ruthven Area 
Figure 2. Smith's Slough photographed on August 8, 1964 
from an altitude of 800 feet. View toward 
south 
Figure 3. Dan Green Slough photographed on August 17, 
1965 from an altitude of 900 feet. View 
toward north 
Figure 4. Rush Lake photographed on August I7, 1965 
from an altitude of 800 feet. View toward 
west 
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on Dan Green Slough and Rush Lake where populations were 
highest. 
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METHODS 
Locating Nests 
Nests were located each year by searching the marshes 
systematically by wading or by canoeing. On selected study 
areas an effort was made to locate all nests to serve as 
either controls or for experiments. 
As nests were located, data were recorded on a field 
sheet (Figure 5)» Special effort was made to record the 
precise location of the nest and to number each nest. The 
nest location was of prime importance because it was impera­
tive that a minimum of effort be expended in relocating the 
nest in subsequent visits. Eggs were counted in each nest so 
that the date of the initiation of laying could be calculated 
by allowing one egg per day. Initiation dates then were used 
in pairing nests for experimental work. The initiation date 
was not calculated in nests located during incubation but the 
depth at which eggs floated was recorded and then nests were 
paired according to this index to the stage of incubation 
(Westerskov, 1950). In I966, candling the eggs in the field 
was used as a second index to the stage 01 incubation. A 
field candler similar to one used by Weller (1956) allowed 
the investigator to compare sizes of the air cells as an 
index to the stage of incubation. 
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NESTS 
Nest No. E 
Area 
Date 
No. Eggs 
Cover - Species 
Density 0. 1. 2. 3- 5-
Distance to edge (Water) 
Date of initiation 
Location 
Nest Material 
Height/H^O, 
(veg.) 
Obs. Cal. 
ADULTS 
FEMALE 
F&W_ 
RL / LL / 
Patagial or nasal tag 
Eye color 
Tarsal color GG YG Y 
Notes; 
EXPERIMENTAL 
Eggs or Yg. removed 
MALE 
F&W_ 
RL / 
RO 
/ 
Patagial or nasal tag 
Eyje color 
Tarsal color GG YG Y RO 
Notes: 
to Date 
Total eggs in small clutch^ 
No. Dead Yg. 
Comments ; 
No. Hatched 
Eggs or Yg added_ Source Date 
Total eggs in large clutch_ 
No. Dead Yg. 
Comments : 
No. Hatched 
PATE 
Successful 
ADDITIONAL EGGS 
Number laid 
_Deserted_ 
Interval 
_Destroyed_ 
Number Hatched 
TOTAL DAYS ON NEST 
Additional notes on reverse side: 
Figure 5* Data sheet for experiments on clutch size 
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Nests were marked with tall poles made more conspicuous 
with colored plastic tape. Affixed to each pole was a 
plastic tag with the appropriate nest number, the date the 
nest was found, and the original number of eggs. 
Modifying Clutch Size 
Clutches were manipulated experimentally to increase or 
decrease their size and were termed either "large" or "small" 
clutches. Henceforth, all experimental nests will be referred 
to as large or small clutches. Experimental work was 
initiated as soon as nests in similar stages of incubation 
were located. Data sheets were checked to pair those nests 
which, had been initiated on approximately the same day. 
Exact pairing of nests was not possible in 19^5 because the 
investigator arrived in the field too late to establish pre­
cise dates of nest initiation. 
In switching the eggs, the nest number was printed on 
each egg with a felt-tipped pen. In nests designated to con­
tain small experimental clutches, all eggs were marked on the 
small end of the egg while eggs in nests that were to contain 
large clutches were marked on the. large end of the egg. This 
marking system was useful in distinguishing additional eggs 
that were laid and in determining which eggs hatched. Nests 
were rechecked to determine success of hatching and the number 
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of additional eggs that were laid. Nests were visited weekly 
when possible until all of the eggs had hatched or the nest 
was deserted. Nests were considered successful if one or 
more eggs hatched. 
Trapping Adult Birds 
Adult coots were captured for banding and color-marking 
by using three techniques: nest-trapping, night-lighting, 
and bait-trapping. The first two were found to be most ef­
fective in capturing birds when they were defending terri­
tories and when individuals could be associated with a nest. 
Automatic nest-traps (Figure 6) similar to that de­
signed by Weller (1957) generally were used late in the in­
cubation period; occasionally however, some birds were 
captured shortly after the termination of laying. Neverthe­
less, some coots were less broody than others and avoided 
entering a trap anytime. Thus, the individual broodiness 
of a coot determined the success of nest-trapping. 
Night-lighting was very effective for capturing birds 
when the study area and nest locations were well-known. The 
technique worked best on dark nights with little moonlight. 
Two investigators worked from a small, flat-bottomed boat 
powered by a three-horsepower outboard motor. Birds were 
spotted with light from a 12 volt aircraft landing light. 
Figure 6. 
Figure 7. 
Figure 8. 
Figure 9-
Automatic nest-trap 
Coot with patagial tag 
Coot with nasal tab 
Observation tower 
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The bulb was mounted in a Pord tractor headlight and was at­
tached to a battery which was continuously charged by a 
generator. Coots were most easily caught with a small-sized 
dip net made of fine "mist" netting. Coots often attempted 
to escape by moving Into dense vegetation or into areas with, 
mats of floating vegetation. The maneuver ability of the 
light-weight net in the floating vegetation increased the 
efficiency of capturing coots. The birds became entangled 
in the mist netting which allowed fewer to escape. If the 
exact location of the nest ramp was known before the night-
lighting attempt, the coot could be captured as it left the 
'nest. This facilitated the capture of birds associated with 
nests under study. 
Night-lighting had several disadvantages. First, much 
specialized equipment was necessary. Second, one did not 
always know which coots had been captured and with'which nest 
a coot was associated until the birds were identified later 
by their color markings. However, not all marshes were suit­
able for use of night-lighting equipment. 
Sex Determination 
Gullion's (1950) method of differentiating sex by calls 
was used. Males have a higher-pitched call that is easily 
distinguished from the lower-pitched notes of the female. 
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With experience, coots also may be sexed by comparing body 
size, and shape and size of the frontal shield and bill. 
These structures are larger and stouter in males than in 
females (Gullion, 1951)• 
Banding 
To provide information on renesting and other behavior 
of the coot, adults were banded with Fish and Wildlife 
Service bands and were color-marked in two ways. In addi­
tion to the aluminum bands, all coots were marked with three 
colored plastic leg bands which were arranged in a different 
pattern on each bird so that individuals could be identified. 
Because leg bands were visible only when the bird was standing 
out of water, each bird also received a patagial-tag, or a 
nasal-tab, which was visible when the bird was swimming. 
The patagial-tag (Figure 7) was similar to the one 
described by Anderson (1963) but was attached to the patagium' 
by a slightly different method. Either a stainless steel 
welding rod (l/l6 inch diameter) or a stainless steel wire 
was passed through the patagium and the ends flattened or 
looped beyond plastic washers to hold the tag in position. 
The tag was made of a double layer of plastic with a design 
or color pattern providing the means of individual identifi­
cation. 
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In 1966 nasal tabs (Figure 8) were used instead of 
patagial tags. A saddle-shaped piece of plastic was placed 
over the culmen in the region of the nares. A I/16 inch 
diameter stainless steel welding rod was passed through 
holes bored_in the plastic and through the nares of the 
bird. Each end of the rod was then flattened with a 
crimping tool. Color patterns on the tabs served to identi­
fy individuals. 
Special Equipment 
To aid in the behavioral phase of this study a variety 
of observational aids and recording equipment was utilized. 
For field observations a pair of 7 X 35 binoculars and a 
Bausch & Lomb 15X to 60X zoom spotting scope aided greatly 
in distinguishing color markings and observing activity at a 
distance. Both still and motion picture cameras were used 
to record behavior. A 35 mm Asahi Pentax camera with 300 mm 
lens was used for still pictures, and a I6 mm Bolex movie 
camera equipped with, a 300 mm lens recorded rap id-sequence 
behavior. Vocal descriptions of the displays were recorded 
on a battery-operated portable tape recorder. This device 
allowed the investigator to maintain visual contact with a 
particular bird for extended periods and yet maintain a 
record of the observations. 
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Tepee-like blinds were constructed on the ice in winter 
at locations which were believed to have a desirable nesting 
habitat (Figure 9)• A portable canvas blind with a frame 
made of electrical conduit was used occasionally. 
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RESULTS 
Sex Determination 
Coots were examined by Gullion (1952a) and Burton (1959) 
to establish means of determining sex and age by external 
examination. Large numbers of coots became available for 
study in March, 1964 because severe weather trapped large 
numbers on Little Wall Lake near Jewell in Hamilton County, 
Iowa. These birds suffered heavy mortality, apparently due 
to starvation. A total of 299 dead coots was collected and 
examined for sex and age criteria. These also were measured 
to provide size statistics which may be of value in comparing 
this with other populations. An additional ^ 7 coots were 
collected during the fall of 1964 to provide comparative 
data on younger birds. Because both groups of coots were 
taken in migration, these birds can be associated with, the 
Mississippi Flyway population but not necessarily with. Iowa 
breeders. 
Culmen-shield 
In the present study males had an average culmen-shield 
length of mm (range, 41.5 to 52.7 i s = + 2.32 mm) as 
compared with44.0 mm (range, 37-5 to 49.5; s = + 2.34 mm) 
for females (Table 1). Eighty-two percent of the males had 
38 
a culmen-shield of 46 mm or longer and 68% of the females had 
a culmen-shield of mm or shorter (Figure 10). However, 
because of the broad overlap in measurements of the sexes, 
only 46 of 335 Iowa birds (14^) could be safely sexed by this 
criterion. Gullion (1952a) measured culmen-shield lengths 
of 47 coots in California and found that the length ranged 
from 43.2 to 49.7 mm in males and from 36.7 to 44.6 mm in 
females. 
Wing 
Other workers have not reported wing measurements. Of 
327 coots measured, the average length of the wing for males 
was 203 mm (range, 186 to 221; s = + 6.26 mm) but only 190 mm 
(range, I69 to 205; s = + 5-^3 mm) for females (Figure 11). 
Eighty-nine per cent of the females had a wing length of 
less than 197 mm and 86^ of the males had a length of greater 
than 198 mm. However, only 21^ of 327 coots do not fall 
within the range of wing measurements for the opposite sex. 
Metatarsus-midtoe 
Metatarsus-midtoe length averaged I32 mm (range, II7 to 
l46; s = + 5*12 mm) for male coots and 123 mm (range, 110 to 
135; s = + 4.74 mm) for females in Iowa (Figure 12). In the 
present study 80^ of the males had a metatarsus-midtoe of 129 
Table 1. Comparisons of measurements of coots of both sexes 
that died during spring or were collected during the fall 
Spring Fall 
Males (139)a Females (149) Males (27)  Females (20) 
Culmen-shield (mm) 47(41.2-52.7)^ 44(39.0-49.5) 47 (41.5' -51.8) 41(37.5--45.2) 
Wing (flattened) ( mm) 203(186-221) 191(169-205) 202(183 -213) 186(169--195) 
Metatarsus-midtoe (mm) 132(117-145) 123(110-133) 134(118 -146) 121(111--135) 
Bursa of Fabricius (mm) 16(2-27)  16(2-29)  c 
-
^Number of birds examined. 
^Bange. 
0 No data collected. 
4o 
52.1-53.0 
5i.1-52.0 
50.1-51.0 
49.1-50.0 
48.1-49.0 
47.1-48,0 
46.1- 47.0 • 
45.1-46.0 
£ 44.1-45.0 
0» 
c 
-J 43.1-44.0 
42.1-43.0 
41.1-42.0 • 
40.1-41.0 -
39.1-40.0 
38.1-39.0 
T 
Femole 
~r-
5 lo 15 2^ 
Numbers of birds 
25 3 
Figure 10. Frequency distribution of lengths of the culmen 
shield of coots 
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Numbers of birds 
Figure II. Frequency distribution of lengths of the wing 
(flattened) of coots 
42 
140 
m 
Male 
133 
V 
Female 
123 en 
115 
110 " 
2*5 20 15 10 5 0 
Numbers of birds 
Figure 12. Frequency distribution of lengths of the 
metatarsus-mid toe of coots 
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mm or longer and 76^ of the females had a measurement of 128 
mm or shorter. However, only 21% of 336 birds in this study 
did not lie in the zone of overlapping metatarsus-midtoe meas­
urements for males and females. Gullion (1952a) found that 
42^ of 84 birds could be sexed with certainty. He found that 
85^ of the 45 males had a metatarsus-midtoe of 132 mm or 
longer while 87% of the 39 females had a length of I27 mm or 
less. Eighty-five per cent of both sexes could be separated, 
correctly in Burton's study. 
Despite these overlapping distributions, the author 
found that after gaining'sufficient experience with shape and 
size of the culmen-shield and body that coots could be 
successfully sexed in the field and laboratory with, few 
errors. In the last two years of the study only one mistake 
was recorded in sexing coots externally that were later sexed 
by voice or by internal inspection. 
Age Determination 
Both. Gullion (1952a) and Burton (1959) reported on the 
use of the depth, of the Bursa of Fabricius and color of the 
tarsi (tarsus-metatarsus) in age determination. After ob­
serving captive birds for changes in color of the tarsi, 
Gullion (1952a) believed that tarsi color was suitable for 
aging coots. He reported that birds of the year had blue-
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or gray-green tarsi, second year birds had yellow-green 
tarsi, and third year birds had yellow tarsi. Burton (1959) 
agreed that gray-green and yellow-legged birds were young and 
adult birds respectively. However, he suggested that birds 
with, yellow-green tarsi are not yearlings but may be com­
posed either of young or adult birds- or may all be young 
birds of different hatching dates. 
Bursa of Fabricius 
The bursa has been widely used as a means of age deter­
mination in Galliformes and Anseriformes (Gower, 1939 and 
Hochbaum, 1942). Normally the bursa is deep in young birds 
but gradually disappears in adults. Both. Gulllon (1952a) and 
Burton (1959) checked bursal depths as an age criteria but 
did not agree on its reliability as a technique for aging 
coots. Gullion found that the diameter of the bursa may be 
an indication of age but this measurement cannot be taken 
easily on live birds. A few birds believed to have been at 
least three years old were reported to have had no bursa 
(Gullion, 1952a). Burton compared bursal depth and leg color 
and found that, in a sample of I85 birds, the relationship 
between color and depth was significant. However, five of 
30 birds with yellow tarsi had a bursa depth of 20 mm or 
more. 
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The plotting of bursa depths of 289 birds (Figure 13) 
examined in the present study did not suggest peaks which 
might represent clear-cut age categories. There was no 
difference between the distribution of depths in males and 
females. 
Internal observations of the Bursa of Pabricius have • 
seldom been reported in the literature. Information gathered 
by Lewin (1963) on California quail (Lophortyx californicus 
brunnescens) indicated that the depth of the bursa decreases 
little with age. This prompted the author to collect coots 
at Fort Madison, Iowa in late November of 1966. Thirteen 
coots were examined internally to record differences in 
bursal shape that might be the result of aging. Length and 
width of the bursa was measured. 
It was found that there was a striking difference in ap­
pearance between the bursa of the adults and the young 
(Figure 14). The outward appearance of the bursa was very 
similar to body fat but was easily recognized once several 
birds had been examined. 
On the basis of tarsal color and plumage, four of the 
birds were considered to be adults. Their bursal depths 
averaged 2? mm deep (range, 23 to 29) by 1.3 mm wide (range, 
23 to 29) by 1.3 mm wide (range, 0.8 to 1.6). Two were fe­
males with bursas averaging 28.5 mm deep by 1.1 mm wide com-
^Female 
Numbers of birds 
Figure 13. Frequency distribution of depth of 
the bursa of Fcbrscius of coots 
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Dorsal view 
Young 
(November of first year) 
Adult 
(At least one year old) 
Figure 14. Age differences in the Bursa of 
Fabricius of American coots 
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pared to bursas averaging 25-5 mm deep by I.5 mm wide for the 
two males. 
, The nine birds which were considered young on the basis 
of plumage and leg color had only a slightly deeper bursa 
(average, 31 mm; range, 23 to 35) but the width was much 
wider (average, 5.8 mm; range, 4.6 to 7.7). In young birds 
the wall of the bursa was composed of a fatty appearing ma­
terial that was several millimeters thick. In adults the 
wall of the bursa was very thin and transparent. 
One adult male coot with a brood patch that was collected 
in July of 1966 did not appear to have any remnant of a 
bursa. This was the only bird examined internally in the 
present study that did not appear to have a bursa, but the 
exact age of this individual was unknown. Presumably the 
Bursa of Pabricius was lost late in life or possibly coots 
have a seasonal regression and enlargement of the bursa. 
Reproductive Behavior 
Territorial activity 
The aggressiveness of the American coot has been reported 
by numerous workers (Henshaw, 1918; Wetmore, 1920; Sooter, 
1945; Gullion, 1953b; and Ryder, 1959). The aggression 
usually described was associated with territorial defense. 
In most cases the displays are sufficient stimulus to prevent 
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another coot from entering a territory. However, in some 
instances, this territorial behavior has been reported to 
end in vicious fighting and in death of one of the contest­
ants (Henshaw, 1918). Not only do coots have intense 
intraspecific conflicts but they also are known for their 
interspecific aggressiveness (Munro, 1939; Sooter, 19^5; 
and Ryder, 1959) . 
Intraspecific The defense of the territory was 
achieved by activities which can be grouped under the cate­
gory of territorial display. The movements used at a 
particular moment depend on the intensity of effort re­
quired to evict Intruders that venture into the territory. 
In this study, intensity of a movement was determined by the 
frequency of occurrence of the activity. Thus, a movement 
which occurred most often was considered to be of lowest 
intensity. 
In most instances the defense was Initiated with the 
activity termed patrol (Figure 15) by Gullion (1952b). This 
low-intensity display was the starting activity in 24 of 30 
sequence recordings in this study (Table 2) . In about one-
third of the cases in which the patrol was the initial activ­
ity, the Intruding bird retreated and the contest ended. 
However, if the intruding coot remained in the territory, 
the resident coot gave another display.^ This display was 
often the charge (Figure 15). A swimming coot in the charge 
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PATROL 
<5. < 
• ">?s: 
CHARGE 
i^u-oU'.vùivi>;u 
PAIRED DISPLAY 
CHASE 
Figure 15. Territorial displays of the 
American coot 
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Table 2. Frequency of displays observed in territorial 
activity of the American coot 
Display 
Frequency and position of displ ays in 8. seouence 
1 2 3 4 5 6 7 8 Final 
Patrol 24^ 0 3 2 1 0 1 0 13° 
Charge 3 .. 8 0 0 0 0 0 0 1 
Chase • 3 4 4 1 1 1 0 1 8 
Paired display 0 5 4 1 0 1 0 0 7 
Fighting 0 0 0 1 1 0 1 0 1 
Total 30 
o
 1—
1 
11 5 3 2 2 1 30 
^The patrol was given as the first display in 24 of 30 
sequences observed. 
^In 8 observations the patrol was the final display. 
c Only 17 observations proceeded to the second display. 
position flattened its body and its head and neck forward on 
the water. A "V" was formed in the water by the rapid move­
ment of the swimming bird. Gullion (1952b) reported that 
the charge occurred when an intruder entered a territory 
before the resident bird assumed' the patrol. In the present 
study, the charge was found to occur most commonly after the 
patrol in a sequence in territorial behavior. In 17 sequences 
composed of at least two or more displays, the charge occurred 
eight times. 
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A third type of activity was called the chase ("splat­
tering;" of Gullion, (195213). In this display (Figure I5) 
the bird in pursuit runs across the surface of the water 
with the head held horizontally. The bird that was being 
chased held its head out but higher above the water. 
Coots had a unique intraspecific display used only 
in territorial defense. The activity was called paired 
display (Figure I5) by Gullion (1952b) and occurs on or near 
the territorial boundaries. Two or more birds from differ­
ent pairs must be represented. Gullion reported that as 
many as seven birds may participate in this activity at one 
time. The display may continue for a considerable length of 
time. Paired display was normally the climax of territorial 
activity and occurred before and after fighting. When 
fighting occurred during the paired display, the non-fighting 
members of each pair continued this activity. 
In most cases a sequence of four or fewer postures was 
involved in the territorial defense. However, up to eight 
postures have been recorded in a sequence. On some occasions 
the defense was initiated with, a display of greater intensity 
than the patrol. For example, both charging and chasing were 
observed as the initial movement in two sequences. 
Regardless of the length, or the intensity of the display 
sequence, it was concluded by a quick dive. On a few 
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occasions the feathers were straightened by a shuffle which 
followed the dive. This activity did not occur commonly in 
a sequence. However, this movement occurred commonly while 
the birds were feeding or swimming. It was assumed to be 
effective in rearranging the feathers over the entire body. 
The movement was initiated by an upward and forward motion 
which pushed the bird above the water surface. Simultan­
eously, the wings were elevated slightly above the body. As 
the head fell forward, the rear portion of the body rose 
above the water's surface as if the bird were moving over an 
obstruction. The breast region made contact with the water 
first and the movement ended when the wings returned to the 
normal position. 
Interspecific Several observations of interspecific 
aggression were made during this study. The degree to which 
this aggression occurred appeared to be dependent on the 
stage of the nesting cycle. Interaction between coots and 
both mallards (Anas platrhynchos) and blue-winged teal were 
recorded in May. Both species were driven from the coot's 
territory. Ruddy ducks (Oxyura .jamaicensis ) and redheads 
(Aythya americana) were the only waterfowl encountered late 
in the season but neither species was attacked. The latter 
two species were either ignored or only were threatened. 
During the peak of the nesting season of black terns 
(Chlidonias niger), coots often were attacked. In such 
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instances, coots usually dived to avoid the terns and often 
were forced to dive immediately after surfacing because the 
terns were adept at timing their next dive to intercept the 
coot as it reached the surface. Only once did a coot attempt 
to attack a black tern. A male coot jumped into the air at 
a tern as it dived on him. 
The common gallinule (Gallinula chloropus), another mem­
ber of the Rallidae, nested in close association with Ameri­
can coots in northwestern Iowa. Interspecific activity be­
tween these two species was recorded on several occasions. 
Gallinules which entered territories of coot were driven from 
the territory with defense displays which were as vigorous 
as any used against coots. However, coots entering gallinule 
territories were also driven out immediately. The birds 
defending the territory had the advantage and were always 
recorded to drive-out birds of the other species. Gallinules 
did appear to have a slight advantage in escaping or attack­
ing coots because of their ability to gain flight quickly. 
These interactions would probably occur more commonly if 
gallinules nested in larger numbers in the area. 
Copulation 
Observations on copulation made in the present study 
were recorded to determine the seasonal occurrence and the 
sequence of displays normally involved in this activity. The 
55 
period of copulatory activity extended over about one month 
but appeared to be much shorter for each pair. All records 
of copulation in the present study occurred between May 13 
and June 2. Because the first coot nests were initiated 
during the first days of May, obviously copulation occurred 
earlier but was not observed. The period of copulatory be­
havior was closely associated with the egg-laying period. 
However, once a female completed her clutch, copulation was 
rarely seen. Although, attempts by males to copulate were 
observed as late as June 19, 1964, no successful attempts 
were recorded after June 2. A similar situation was reported 
by Lelek (1958) for the European coot. The greater length 
of sexual activity in the male probably assured that late-
nesting and renesting females had fertilized eggs. 
My observations agree with those of Sooter (1941) and 
Gullion (1954) who reported that there was little pre-
copulatory activity. Initially males chased females to 
muskrat houses or copulatory platforms (Figure I6). The 
female would then arch, her body with the under-tail coverts 
displayed to the male. The male mounted the female and 
balanced by extending the head and neck forward and. by flap­
ping the wings; the male did not grasp the female's neck 
(Figure I6). Copulation required only a few seconds. The 
male dismounted and usually gave a wing-flap before moving 
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away and diving. The female remained on the platform and 
preened from one to three minutes. The preening usually 
was restricted to the anterior portion of the body. After 
preening the female moved from the platform and then 
shuffled. 
Nest and platform construction 
Some confusion exists concerning nest construction by 
the American coot. There are some reports in the literature 
that the male builds the nest and the female adds the lining 
(Wetmore, 1920). A similar situation has been reported for 
the European coot (Kornowski, 1957). However, Walker (1932) 
observed that the female did aid in nest construction. Ob­
servations made on a marked pair during the present study 
indicated that nest-building was an activity conducted 
simultaneously by both sexes. One member of the pair brought 
material to the nest site and presented it to the bird which 
was, building. The birds often reversed their activities. 
Coots are very adaptable and will use a variety of 
materials in nest construction. For building, dry material 
appears to be favored over wet material. On one occasion 
coots were observed to by-pass masses of readily available 
floating cattail stalks to travel to a muskrat house and 
secure dry stalks of vegetation. 
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In the present study, coots did not appear to favor a 
particular vegetative type for nest materials but utilized 
the available material regardless of species or whether it 
were dry or green. Cover-type and nest material was recorded 
for 378 nests from 1963 through 1966 (Table 3)• Of this 
number, 294 were constructed exclusively of material that 
existed as cover around the nest. Three hundred and twenty 
nests were built in cattail (Typha spp.), the most common 
cover-type on the marshes. Of these 320 nests, 255 were 
built entirely of cattail. Eleven of the nests in cattail 
were constructed entirely of some other plant species: 
eight of softstem bulrush. (Scirous validus) , two of softstem 
bulrush and arrowhead (Sagittaria spp.) and 1 of river bul­
rush (Scirpus fluviatilis). 
In 1966 vegetative data were collected in the vicinity 
of 25 coot nests in Rush Lake and 23 nests in Dan Green 
Slough. Observations were made as follows: density of cover 
surrounding the coot nests and stem counts on four 20 x 50 
cm quadrats taken at the four compass points at 0, 2, 4 and 6 
feet from the nest. 
In Bush. Lake an average of 24.24 living stems and 4.4 
dead stems were found in the four quadrats (1.6 sq. meter) 
surrounding each nest or 15.15 living stems and 2.75 dead 
stems per square meter. The average number of living cattail 
stalks, the dominant emergent plant, per square meter in the 
Table 3- Use of cover-type vegetation as nest material by coots in the Ruthven 
Area in I963 through I966 
Nest material 
Cover-type 
vegetation 
Cattail 
Softstem 
Cattail & softstem 
Softstem, river bulrush 
and cattail 
Cattail and river 
bulrush 
River bulrush 
Hardstem 
Cattail and Carex 
Willow 
Sparganium 
Cattail & hardstem 
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four quadrats was similar in Rush Lake and Dan Green Slough 
(8.9 and 9.6 stems respectively). These data suggest that 
coots intensively utilized certain densities of cattail for 
nesting. However, no samples were collected in very dense 
or sparse vegetation for comparison of cattail density in 
areas void of nesting. 
Platform construction is a well-known behavior of 
nesting coots. Gullion (195^) reported that a single pair 
constructed up to nine platforms during a single season. 
In this study, platform "building appeared to be determined 
by the availability of naturally occurring platforms in the 
marsh. For example, on areas with high muskrat populations, 
such as Smith's Slough in 1963 and 1964, the number of plat­
forms constructed was minimal—presumably because of the 
availability of muskrat houses. In contrast. Rush Lake had 
a low muskrat population and few muskrat houses or feeders 
in 1965 and 1966, and coot platforms were common. Although 
coots used muskrat or other structures in the marsh for 
loafing, copulation, and brooding, nests were never located 
on a substrate built by another species. 
Use of coot nests and platforms by other species 
An interesting relationship exists between muskrats and 
coots. In 1965 and 1966 data were recorded on muskrat use of 
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coots nests and brood ramps as foundations for feeding plat­
forms and lodges. Casual observations indicated that musk-
rats did not usually use coot nests or platforms until they 
were deserted by the coots. Muskrat use of these structures 
was particularly high, on those areas in which, muskrats had 
not built many structures but were undergoing rapid population 
expansion. 
In 1965 J only nine of 10? nests were recorded to have 
muskrat use. Six nests were used as latrines and three 
nests were used as feeders. Most of these nests were located 
on Rush Lake. Low incidence of use of coot nests by muskrats 
during I965 can be related to the low muskrat population. 
Only a few nests were checked after June I7 and it was not 
until later in the season that muskrat activity increased. 
In 1966, 35 of 111 coot nests were used by muskrats in 
Dan Green Slough and Rush Lake. The use was as follows: 24 
feeders, 3 latrines, and 9 houses. A larger muskrat popula­
tion and the collection of data later, in the season were 
factors contributing to the apparent high, use of coot nests 
by muskrats. Of ^•6 old or former coot nests checked on Rush 
Lake between July 5th and 7th, nine were found to be muskrat 
houses and another 19 were used as muskrat feeders. 
During June, 1964 muskrats used a coot nest as the base 
for a house. The house was built on the coot nest before 
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the calculated date of hatching for the eggs. The muskrat 
house was opened and the bowl of the nest contained eight 
young muskrats but no coot eggs. The fate of the pair of 
coots and their eggs was unknown. 
Ruddy ducks also used coot nests during the study. In 
1964 two ruddy ducks used coot nests as the base for their 
nests. In 1966 a ruddy duck laid one egg in a coot nest but 
the fate of the egg was-not determined. 
Chronology of nesting 
Figure 17 presents the chronology of initiation of lay­
ing for 1964 and I966. The chronology of nesting in I965 
was not determined because I was unable to be on the study 
area in early May. Because it was difficult to accurately 
determine initiation dates by back-dating of the nests used 
in experiments, no attempt was made to determine when the 
peaks of initiation occurred in 1965-
Dates of initiation were determined either by direct 
observation or by calculation of the initiation date as 
described earlier. In 1964, the first nests were recorded 
on May 3 with the first peak of initiation of laying occurring 
on May 11. A second peak of initiation occurred two weeks 
later on May 25 or 26. This second peak was believed to be 
the result of renesting or possibly late nests of young 
birds or birds nesting in-marginal habitat. 
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Figure 17. Chronology of initiation of laying by the 
American coot during 1964 and 1966 
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In 1966 nest chronology was quite different from that, 
found in 1964. The exact cause of this variation was unknown 
but unusually cold weather in May probably inhibited the 
birds. The first indication of laying occurred one week 
later than would normally be expected. No well-defined peak ' 
of initiation of laying occurred during this season and nest 
initiation lasted until mid-June.' 
Certain groups of coots did not nest until the new vege­
tation was sufficiently high to provide building materials 
and a substrate for attaching nests. Good examples of this 
behavior were recorded on coots found on certain parts of 
the West Oppedahl Tract in 1963 and on Smith's Slough in 
1964. On both areas small flocks of birds had territories 
which were located in an area with little or no nesting cover 
until late May and June. In West Oppedahl these coots began 
to nest when a dense bed of sweet flag (Acorus calamus) had 
grown to a height suitable for nest attachment. Peak of 
nesting occurred on this area about June 25, 1964 as compared 
to May 11 and May 25 when the first and second peaks of 
initiation of laying occurred in other habitat. 
In 1964 a flock of coots in Smith's Slough centered their 
activity in a sparse stand of cattail that was in poor con­
dition due to a muskrat eat-out and flooding. A total of 25 
nests were eventually started in the area. The first egg 
was laid on May 18, or 15 days after the first eggs were laid 
by coots in optimal habitat with taller and more dense 
vegetation. As the cattail developed, more nests were lo­
cated and the peak of initiation of laying occurred on May 
29. No nests were initiated later than June 21. Twenty-
three nests with completed clutches of eggs had an average 
clutch size of 6.3 (range, 3 to 10 eggs}. Of the 25 nests, 
nine or 36^ hatched successfully, seven were destroyed by 
unknown causes, and eight were deserted. The fate of one 
nest was not determined. 
These birds were believed to represent a portion of 
the population which was Incapable of establishing and de­
fending a territory in good habitat. These coots may be 
yearling birds that did not become sexually mature until . 
later in the season. The flock may have been composed of 
older birds, or they may have lacked the physiological condi­
tion necessary to successfully compete for territories early 
in the season. More evidence is needed to resolve this 
interesting problem. 
Laying 
The normal pattern of laying has been described by Sooter 
(19^1) and Gullion (195^) who agreed that the American coot 
lays eggs at intervals of slightly more than 24 hours. Early 
in the laying period, the eggs are deposited about midnight 
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but the last eggs in the clutch are deposited around 4 A.M. 
(Gullion, 19. Sooter (19^1) checked five nests and found 
that eggs were deposited between sunset and 3 A.M. Few 
variations from this pattern have been recorded. Gullion 
reported a 48 hour gap between two eggs on two occasions but 
two eggs were laid on the day following one of these long 
periods. Sooter (19^1) reported two nests in which two eggs 
were added in one day. These data would be influenced by 
the recording time and may not reflect the true interval 
between laying. 
Available evidence suggested that more than one female 
might lay eggs in the same nest. When nests contained 
clutches in excess of 12 eggs, had eggs of different sizes 
or shapes, or had two eggs laid on the same day, the clutch 
was assumed to be the product of two or more females. Alley 
and Boyd (194?) reported some promiscuous laying in the 
European coot. Gullion (19^4) suggested that large clutches 
probably represented telescoped cycles of egg deposition by 
one female. 
When aggressiveness of the coot was considered, it seemed 
unlikely that a coot could avoid the intense territorial de­
fense of most coots to lay eggs in a nest in another bird's 
territory. However, it is known that birds of other species 
do occasionally lay eggs in coot nests. Ruddy ducks occa­
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sionally lay eggs in coot nests (Weller, 1959 and present 
study). In South. America the black-headed duck (Heteronetta 
atrlcaiDllla) lays eggs In the nests of several species of 
coots and other birds (Phillips, I925). Milton W. Weller, 
a staff member in the Department of Zoology and Entomology 
at Iowa State University, Ames, Iowa, has studied the black-
headed duck in Argentina and reported that this species 
commonly lays eggs in coot nests. 
Observations on one nest in 1964 indicated that two 
eggs were added to a nest on three consecutive days. The 
pair associated with the nest was marked and no other coots 
were observed on or near the nest. However, observations 
on the nest were not continuous. 
In 1966 a nest was located which contained 12 eggs, 
four of these eggs were of a slightly different shape, were 
darker in color, and had a different pattern of black flecks 
than the other eight eggs. A recent paper by Lablsky and 
Jackson (1966) Indicated that caution must be used when 
associating egg color with a particular female because eggs 
of the ring-necked pheasant were examined and found to be 
variable for each, hen studied. However, because the develop­
ment of the four eggs with the different black flecks lagged 
a week behind other eggs in the clutch, it is apparent that 
some American coots lay parasitically at times. 
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Clutch size 
During the course of the study, 5^5 coot nests came under 
study by the author (Table 4). Data from 281 nests were used 
to calculate the average clutch size for each year (Table 5)« 
The average clutch varied as follows: 1963 - 8.93, 1964 -
9.85, 1956 - 9.23, and I966 - 8.I6. A null hypothesis of 
no differences between the means was tested with Duncan's 
new multiple range test (Steel and Torrie, I960). At the 5% 
level, the clutch size of 9-85 in 1964 was significantly 
different from the clutch, size of 8.16 in 1966. • 
Clutch size data have been collected on the American 
coot from several different geographical areas in North 
America (Table 5)- In California the average clutch size 
for early clutches was nine eggs (Gullion, 1954), but only 
eight nests were observed. Scoter (1941) reported an average 
clutch for 1936 and 1937 as 6.08 and 7.92 eggs respectively. 
The low average clutch size reported by Scoter was believed 
to include-nests in which some eggs had probably hatched. 
This was particularly true for 1936, when Sooter began his 
study after the date for peak of hatching in 1964. An 
average clutch of 9-9 eggs was reported by Kiel (1955) for 
coots in Manitoba. The data presently available on clutch 
size in the American coot are not extensive enough to deter­
mine if differences in clutch size occur due to geographical 
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Table 4. Numbers of coot nests observed from 19^3 through 
1966 
Year Number of nests 
1963 controls 34 
1963 experimental 3 
1963 total 75 
1964 controls 44 
1964 experimental 79 
1964 total 176 
1965 controls 60 
1965 experimental 85 
1965 total 184 
1966 controls 23 
1966 experimental 67 
1966 total 130 
Total controls I6I 
Total experimental 224 
Total 565 
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Table 5- Data on clutch size of the American coot 
Clutches 
Number Range 
Average 
size Location Source and date 
169 5 - 13 9.9 Manitoba Kiel (1955) 
104 1 - 11 6.08 Iowa Sooter (1941) for 1936 
347 4 18 7.92 Iowa Sooter (1941) for 1937 
15 6 - 16 8.93 Iowa Present study I963 
87 6 - 17 9.85 Iowa Present study 1964 
81 6 
- 13 9.23 Iowa Present study I965 
98 4 - 13 8.16 Iowa Present study I966 
281 4 
- 17 9.03 Iowa Present study average 
8^ 7 - 10 9.0 California Gullion (1954) 
5^ 4 - 8 6.4 Calif ornia Gullion (1954) 
^•Early season clutches. 
^Late season clutches. 
location. Because Gullion's sample was small, the difference 
between 9.0 eggs in California and 9.9 eggs in Manitoba may 
not reflect the actual conditions. When the average clutch 
size in Manitoba is compared with data from the present study 
for 1964 (9*9 vs. 9.03 eggs), a difference of .87 eggs per 
clutch is evident. 
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Clutch size in the American coot does vary seasonally. 
Late clutches in California averaged 6.4 eggs (Gullion, 195^) 
or 2.6 fewer eggs per clutch than in early clutches. Much of 
Scoter's data probably reflect the smaller clutches in late 
nests. Data on clutch size collected during the k years of 
the present study were plotted against time (Figure 18). 
Early clutches tended to be larger than late clutches. When 
the average clutch size was calculated on a weekly basis 
starting with the first of May, the average of 11.1 eggs per 
clutch for the first week of May dropped to an average of 5-3 
eggs per clutch for the 7th week of nesting. A null hypoth­
esis of no differences between the means for the 7 weeks was 
tested with, a Duncan's new multiple range test (Steel and 
Torrie, I960). At the 5% level, the following comparisons 
were significantly different: 11.1 from all means of 8.8 
or less, 10.1 from all means of ?.8 or less, 8.8 from all 
means of 6.5 or less, and 7-8 from 5*3. Similar data have 
been reported for blue-winged teal (Bennett, 1938) and for 
other dabbling ducks by Sowls (1955)* The smaller clutches 
appearing later in the season may be the result of renesting 
or of first nests of young birds. 
The frequency distribution of clutch size in nests 
studied from I963 through I966 was summarized (Table 6). 
These data showed that clutches with more than 12 eggs or 
less than 7 eggs were uncommon. Twenty-four per cent of all 
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N=Number of nests. 
ACS = Average clutch size. 
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Figure 18. Clutch size in relation to date of 
initiation of laying 
73 
Table 6. Frequency of occurrence of clutch size in the 
American coot in northwestern Iowa in I963 through 
1966 
Clutch size 
Number of nests 
1963 1964 1965 1966 Total 
4 0 0 0 3 3 1 
5 . 0 0 0 2 2 1 
6 1 3 3 9 16 6 
7 4 7 5 22 38 14 
8 1 7 15 24 47 17 
9 5 17 22 17 61 22 
10 2 25 27 14 68 24 
11 1 17 3 2 23 11 
12 0 6 4 2 12 4 
13 0 2 2 3 7 2 
14 0 1 0 0 1 
-
15 0 1 0 0 1 -
16 1 0 0 0 1 
-
17 0 1 0 . 0 1 -
Total 15 87 81 98 281 -
clutches contained 10 eggs. This clutch size occurred most 
commonly but clutches with nine eggs were nearly as. common 
(22#) .  
V'l 
Con Urol nou l,o 
Of the 565 nests observed in the present study, I61 
were observed as control nests (Table 7). The control nests 
were located either on the study area or on adjacent marshes. 
Because priority was given to checking of experimental nests, 
many nests originally classed as control nests were dropped 
from this category because their fate and clutch size was 
not determined. 
.Success of control nests in the present study varied 
from 100# in I963 to 75^ in 1964. The 4 year average was 87%. 
Nests success from two other studies was included in Table 7 
for comparison. During his study, Kiel reported very high 
success (97^) for coots in Manitoba. Success of coot nests 
on Dan Green Slough was 77# in 1937 when this marsh was in an 
open-marsh stage (Sooter, 19^1)• Success for control nests 
in 1966 {77%) compares precisely with Scoter's data. The 
area of emergent cover on Dan Green Slough, was similar in 1937 
and 1966. 
Incubation behavior 
Researchers studying the American coot have not agreed 
on the time of initiation of incubation in relation to the 
number of eggs in the nest. Sooter (1941) reported that 
incubation commenced with the first egg, but Gullion (195^) 
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Table 7* Per cent of American coot nests hatched. Data from 
control nests in the present study and from other 
nesting studies in North America 
Nests 
Number• % success Location Date 
104 91 Iowa Sooter (1941) for 1936 
347 77 Iowa Sooter (1941) for 1937 
380 97 Manitoba Kiel (1955) 
34 100 Iowa present study I963 
44 75 Iowa present study 1964 
60 93 Iowa present study I965 
23 77 Iowa present study I966 
161 86 Iowa present study average 
observed that incubation began with the first egg only on 
second clutches. Observations during the present study 
indicated that coots spent some time on the nest as soon as 
the first egg was laid. Apparently incubation was insuffi­
cient during the first three or four days of laying to induce 
embryonic development. Observations made in 1966 indicated 
that nests with less than four eggs usually were found to be 
cold as compared to nests with, four or more eggs which were 
usually found to be warm. Coot nests usually hatched over 
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several days time but the appearance of three or four young 
during the first day of hatching was the result of this 
incubation behavior. 
Because laying and incubation occurred during the same 
period, some confusion has resulted in determining the 
length of incubation. Gullion (195^) studied this problem 
closely on four nests and determined that the normal incuba­
tion period was 23 days (interval between last egg laid and 
last egg hatched or the so-called "Heinroth" method). Data 
from the present study indicated the period of time between 
laying of the last egg and hatching of the last egg was 23 
days for nests. 
Both members of the pair share in incubation. According 
to Gullion (195^)> the male was most often on the nest 
during the night and for a few short intervals during the 
day. From the information gathered during the present study, 
there did not seem to be a nest-changeover ceremony when the 
pair changed duties at the nest. In 11 observations of 
change of incubation duties, a ceremony was never recorded. 
The possibility of vocal signals cannot be ruled out but no 
evidence is presently available to support this possibility. 
In eight of the changes observed, one member of the pair 
had left the nest before the arrival of the mate. In all 
eight observations the sex of each bird was known or the 
birds were marked so that identification was positive. Once 
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the adult entered the nest, the bird would spend from one to 
nine minutes preening the breast and belly regions prior to 
settling on the eggs. 
Brooding 
Young coots are capable of movement (precocious) and are 
covered with down (ptilonaedic) and were able to leave the 
nest as soon as they were dry (nidifugous). Nice (1962) 
placed the rails in her Precoclal Category IV which included 
chicks that followed their parents and. were fed by them. 
Both parents shared in brooding the young but my observations 
on two marked pairs indicated that the male had a greater 
share of the brooding responsibility. During the day the 
brood moved with the pair and constant change of young oc­
curred between the two parents. However, in the evening, 
when broods were moved to platforms, the male seemed to as­
sume the responsibility of caring : for a greater number of 
young. Observations on two broods with, marked adults in­
dicated that the males brooded five and ten young and the 
females remained nearby without young. 
Brooding by the parents was necessary at the early 
stage. Gullion (195'+) believed young coots required much 
brooding for the first few hours and possibly a day or two. 
Birds raised in captivity were dependent on a. heat source at 
night, even in warm weather, until they developed juvenal 
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plumage. Warmth and shelter provided by the parents was be­
lieved to be particularly important until the young developed 
juvenal plumage, because the natal down on a newly hatched 
coot was sparse and offered little protection from the ele­
ments. Observations on nests in Rush. Lake which were 
deserted by parents indicated that some young hatched without 
incubation but soon died without parental care. 
Young birds were particularly prone to wetting for a 
few days following hatching. Adult coots spend much time 
preening the young birds during these early days. Feathers 
of the young birds were oiled directly by billing movements 
of the adults from their preen glands to the young. Adults 
oiled the young indirectly by rubbing the oiled underwing 
and breast feathers on the young. In the wild, young 
appeared to be less prone to wetting than captive birds. 
During the first days following hatching, the young coots 
were dependent on the parents for food. Observations during 
the hatching period indicated that larvae of aquatic insects 
and small crayfish were fed to the young. The ability of 
young birds to devour dragonfly nymphs of extremely large 
size was amazing. Parents of both sexes shared in the col­
lection of food for the brood. When one member of the pair 
was feeding the young at the nest, the mate collected food 
and then presented it to the bird on the nest which in turn 
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fed the young. In one case an adult male returned to the 
nest at one minute intervals for five minutes with food 
material. 
Undoubtedly this insect diet was necessary to provide 
a high protein supply for the young during this critical 
period. The high, protein diet at the time of hatching has 
been reported in other species which are generally con­
sidered to be vegetarian. 
As soon as young coots were dry, they pecked at egg 
shells or larval insects dropped in the nest. When adults 
approached, the young birds begged vigorously. The wings 
were outstretched and moved rapidly in a vertical plane. 
The head was raised and rotated backward so that the occiput 
rested against the back or was held directly above it. The 
head usually moved from side to side. Tests with wooden 
models of coot bills indicated that the red and white pattern 
of the bill initiated the maximal response. The red area 
which encircles the bill near its tip appeared to serve as 
a "target" for the young because their pecking movements were 
directed toward this red area. Adults generally held the 
food in the bill at just this point. More experimentation 
will be necessary to understand the mechanisms involved. 
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Brood survival 
Data on brood survival wers difficult to obtain. Coots 
with young often remained in or near vegetative cover making 
observations difficult. Because both parents fed and brooded 
the young it was difficult to obtain an accurate count. The 
most reliable data on survival of young was obtained from 
observations on single pairs that nested on isolated potholes. 
Observations on the survival of four broods were recorded 
but were restricted to the first few weeks after hatching. 
In 1963 a nest in an isolated pothole in Dewey's Pasture 
contained 12 eggs. All of the eggs hatched. A count made 
two days after hatching indicated that nine young had sur­
vived. Pour days after hatching only eight young were seen. 
An experimental nest in Smith's Slough contained I6 eggs. 
All of the eggs hatched, but one dead young was found near 
the nest. One of the adult birds was color-marked; hence, 
the brood was identified. Observations one week later 
indicated that 11 young were with, the marked adult on the 
brood ramp but none were with its mate. 
One member of a pair of coots associated with a control 
nest in Smith's Slough was color-marked. Nine of the ten 
eggs in the clutch hatched. Pour of the young survived to 
an age of five weeks. 
In 1966 12 eggs hatched in an experimental clutch with 
15 eggs. After seven days only nine young were observed. 
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Unfortunately, no complete counts were made on the entire 
brood later in the season even though the nest was located 
on a small pothole. 
Results of these experiments suggested that mortality 
was severe for broods with, more than ten young. Eleven 
was the maximum number of young known to survive for at 
least one week. Ideally, survival to the time of flying 
should be determined and compared for different clutch 
sizes. 
Nest sanitation 
Adult coots removed egg shells and vitelline membranes 
from the nest soon after the young hatched. Both sexes 
were involved in this activity. The adults either ate the 
egg shells or carried them from the nest and dropped them 
into the water. The egg shells eaten at the nest accounted 
for the small chips found in the nest bowl. 
Young coots and gallinules raised in captivity appeared 
to defecate only when standing in water. It was impossible 
to maintain clean water in a cage for any length of time 
because of this behavior. This response was believed to 
serve as an important means of nest and brood ramp sanitation. 
Observations on brood ramps and nests indicated that fecal 
material was rarely found on these structures. These records 
appeared to support the observations made on captive birds. 
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Experimental 
• Small clutches 
During 1964, 19^55 and I966 the eggs in II8 coot nests 
were manipulated to form small clutches. Of this number, all 
contained four eggs except for two clutches which held two 
and five eggs. One hundred nine of the 118 nests (92^) 
hatched successfully (Table 8). When the data for the three 
years were analyzed separately, nest success varied. Pre­
sumably these yearly differences can be partly attributable 
to the interval between completion of the clutch and the 
switching experiments. Because adults become more broody 
as incubation progresses (Gullion, 195^)j birds late in the 
incubation period are less likely to be influenced by remov­
ing eggs. If switching occurred just before hatching, less 
time was available for the coots to respond before the clutch 
hatched. The average intervals between cessation of laying 
and experimental manipulations were as follows: 1964 - 5*5^ 
days, 1965 - 13.55 days, I966 - 8.26 days; and the three year 
average was 9.59 days. Success of small clutches was higher 
in both 1965 (98^) and I966 (95^) than in 1964 (83^)(Table 8). 
Some coots responded to the removal of eggs from nests 
by laying additional eggs. During the three years of ex­
perimental work, coots laid additional eggs in I6 nests (14^) 
of the 118 small clutches. The number of clutches in which 
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Table 8. Nest success of small experimental clutches of 
American coots from 1964 through 1966 
Clutch size Nests hatched 
Year Number Average Range Number Per cent 
1964 35 4.0 4 - 5  29 83 
1965 41 4.0 2 - 4  40 98 
1966 42 4.0 4 4o 95 
Total 118 4.0 . 2 - 5  109 92 
additional eggs were laid varied from year to year: 1964 -
8 (23^) of 35 nests; I965 - 4 (10^) of 4l nests; and I966 -
4 (10^) of 42 nests. The time of switching also affected 
the number of nests in which additional eggs were laid. If 
switching was conducted too near hatching, coots could not 
respond by laying additional eggs before the clutch hatched. 
Later in the incubation period the incubation drive may in­
tensify; therefore, coots were less likely to be affected by 
egg removal. 
The original size of the clutch used in the experiment 
during the study varied from five to thirteen eggs. Coots 
responded by laying from two to eleven additional eggs in the 
16 nests (Table 9)• There did not appear to be a relation-
Table 9. Data on coot nests with additional eggs 
i 
Number of Number of 
days between Number of days days between 
finished between finished 
Nest Number origi­ clutch & switching & clutch & Number of addi­
number nal eggs switching laying laying tional eggs 
E-50 13 1 8 9 1 
E-55' 6 10 2 12 2 
E-60 11 2 6 2 
E-68 10 8 14* 22* 5* 
E-71 10 9 7 16 11* 
E-82 10 6 7 13 
E-90 10 6 lU-* 20* 2* 
E-156 10 1 14* 15^ 1* 
E-18 11 7 7* 1 
E-20 10 
- 7 7* 2 
E-56 " 6 - 5 5^ 5 
E-73 5 - 7 7« 8 
E-33 12 0 9 9 9 
E-37 13 - 12 12* k 
E-49 9. 12 8 20 1* 
E-57 10 - 7 7* 2* 
*Number elven is minimum. 
**Unknown. 
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ship between the original number of eggs in the clutch and 
the nuiiibnr of additional eggs which coo 1.8 laid. 
Eggs were removed from tlie nests from one to twelve days 
following completion of the clutch. Coots laid variable 
numbers of eggs in nests regardless of the length of the 
interval between the completion of the clutch and egg removal. 
The response to short intervals was as likely to produce a 
small number of eggs as was a response to a long interval. 
In renesting of ducks, laying was initiated sooner if 
the first nest was incubated for only a short period (Sowls, 
1955)• He removed all eggs from duck nests during different 
stages of incubation. Removal of the entire clutch caused 
the hens to desert the nest. Some birds responded by 
building new nests and laying another clutch. Hens that 
were well along in the Incubation period required a longer 
interval before laying occurred in renests. 
A second laying cycle apparently can be Initiated in 
the American coot without removing the entire clutch of eggs. 
Therefore, these nests cannot be called renests and the 
interval between removal of eggs and the laying of additional 
eggs is not comparable with the pattern found in ducks. The 
first additional eggs were laid in nests with small clutches 
in as few as two days or as many as about l4 days after egg 
manipulations. However, coots are most likely to lay addi­
tional eggs if the eggs are removed early in the incubation 
I 
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period. When the switching was conducted within a week of 
hatching as in 196$, few additional eggs were laid. Nests 
E-50 and E-I56 had eggs removed one day following completion 
of the clutch. Additional eggs were laid in eight to four­
teen days respectively (Table 8). Nests E-55» E-7I, and E-49 
had eggs removed at ten, seven and twelve days after laying 
ceased. In these nests, additional eggs were laid in two, 
seven, and eight days respectively (Table 8). The average 
interval between the time of egg removal and laying was 
eight days. This pattern of laying additional eggs is 
unique when compared to other species. Not only are addi­
tional eggs laid without a consistent relationship to the 
length of incubation but in no case noted in the literature 
did partial removal of a clutch Induce additional laying as 
occurred In the American coot. 
An interesting event concerning the small clutches was 
that the birds which laid additional eggs also continued to 
incubate these eggs until hatching was completed. On several 
of the nests, the period of Incubation behavior was twice 
the normal incubation period of 23 days. This did not seem 
particularly unusual when compared to the time that other 
species have spent on the nest when eggs did not hatch during 
the normal incubation period: domestic hsn-44 days (Saeki 
and Tanabe, 195^); night heron-4o to ^1 days (Noble and Wurm, 
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1942). However, not only were eggs being incubated during 
this period but it was assumed that the coots were caring 
for the young that were hatched from the small clutch. 
Under these conditions only a species such as the coot, in 
which, both sexes incubate and brood the young, could the 
additional eggs be hatched successfully. 
After removing eggs from nests to form 118 small 
clutches, 471 eggs remained in the nests. Of this total 430 
eggs {91%) hatched (Table 10); little difference was noted 
between the percentage of eggs which hatched during 1964, 
19655 and 1966 with success being 92^, 91^, and 91# 
respectively. 
If the 5^ additional eggs were considered as part of 
the total for all eggs found in small clutches, 5^5 eggs 
were involved. On this basis the egg success of all eggs 
in small clutches was 90^. 
Large clutches 
During the study eggs were added to I05 nests.to form 
large clutches (Table 11). These experimental nests contained 
1527 eggs or an average clutch of 14.8 eggs per nest (Table 
12). Large clutches contained from 9 to 21 eggs (Table 13)• 
Eighteen large clutches (I7#) contained, 15 eggs (Table 13). 
Fourteen nests (13#) had a large clutch, of 16 eggs. 
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Table 10. Egg success of small experimental clutches of 
American coots from 1964 through 1966 
Not including additional eggs Including additional ez'gs 
Year Number 
Number 
hatched 
% 
hatched 
Number % 
Total hatched hatched 
1964 133 122 92 163 139 85 
1965 170 154 91 178 162 91 
1966 168 154 91 184 170 92 
Total 471 430 91 525 471 90 
Table 11. Nest success of 
American coots 
large experimental 
in 1963 through 1966 
clutches of 
Clutch size Hatched 
Year Number Average Range Number Per cent 
1963 2 14.0 1 2 - 1 6  2  100 
1964 36 15.6 9 - 21 35 97 
1965 44 13.8 9 - 19 43 98 
1966 25 15 .4 12 - 21 25 100 
Total 105 14.8 9 - 21 103 98 
Table 12. Egg success of large experimental clutches of 
American coots from 1963 through 1966 
Eggs 
Average Number 
Year Number of eggs clutch size hatched % hatched 
1963 28 14.0 27 100 
1964 532 15.6 485 91 
1965 609 . 13.8 317 85 
1966 386 15.4 376 97 
Total 1527 14.8 1378 90 
Table 13. Nest and egg success of large clutches of the American coot in relation 
to clutch size 
, Egffjs in successful nests 
^ Ave. no. Ave.no. 
"Manipulated" % of Number % Number % hatched/ not 
clutch size Number total hatched hatched Number hatched hatched nest hatched 
9 2 2 2 100 18 18 100 9.0 0.0 
10 5 5 5 100 50 49 98 9.8 0.2 
11 5 5 . 5 . 100 55 55 100 
0
 
1—! 1—1 
0.0 
12 8 8 8 100 96 80 83 10.0 2.0 
13 11 11 10 91 143 138 87 12.5 0.5 
14 13 13 13 100 182 l64 90 12.6 1.4 
15 . 18 17 18 100 270 254 94 14.1 0.9 
16 m- 13 14 100 224 215 96 15.4 0.6 
17 13 13 12 92 221 205 86 15.8 1.2 
18 2 2 2 100 36 25 97 17.5 0.5 
19 9 9 8 89 171 l64 84 18.2 0 . 8  
20 2 2 2 100 4o 4o 100 20.0 1.0 
21 2 2 2 100 42 41 98 20.5 0.5 
Total 104 101 1548 1458 14.0 0 . 8  
90 
Nest success was 93% or (>% higher than for small clutches 
(Table 11) and 11^ higher than for control clutches. The 
success of large clutches and small clutches was compared 
with a Chi-square test (0.5, 0.36?) with 1 df. Differences 
between the expected and observed values were non-significant. 
Success of large clutches varied only slightly during the 
three years of the study. All large clutches, regardless 
of size, had high success. Success of eggs was checked to 
determine if a relationship existed between clutch size and 
egg success (Table 13)• The average number of unhatched eggs 
for all successful large clutches was 0.8 egg. __ — 
In no case was a large clutch known to cause a desertion. 
The available information indicates that a larger clutch may 
increase the tendency to incubate. This intensified incuba­
tion behavior may be dependent on the increased tactile and/ 
or visual stimuli of a larger clutch. As would be expected 
with an indeterminate layer, no additional eggs were laid in 
nests with, large clutches. 
When clutches were increased in size, the coots enlarged 
the diameter of the nest bowl to accomodate the additional 
eggs. Occasionally eggs were buried but in most instances 
the eggs were arranged in a single layer. The size of a 
coot's brood patch limited the area that could be covered but 
apparently the eggs were rolled in such a manner that all 
received sufficient heat for hatching. It was found that only 
the eggs in the center of the clutch were warm on cold days, 
while those on the periphery were cold. Despite this fact, 
the size of the clutch did not limit the coot's ability to 
successfully hatch a clutch. Even with a nest of 21 eggs, 21 
hatched. 
A large clutch can result in some unique problems for 
coots. For example, when water levels are high during the 
period of nest initiation and then decline steadily there­
after, the bowl of the nest is left above the water. This 
did occur in 1964. In one case, the nest toppled over but 
the eggs remained above the water and the coots'formed two 
new bowls. Despite this difficulty, the eggs were success­
fully hatched; presumably both birds incubated simultaneously. 
If the nest had not been near hatching at the time of its 
collapse, the result might have been different. 
Gullion (195^) believed that calls of young coots 
stimulate the parents to brood rather than to incubate. He 
suggested that the activity of seven or eight young coots 
causes a sufficient stimulus to initiate brooding and feeding 
and to terminate incubation. Therefore, in large clutches 
only seven or eight of the total number of eggs would be ex­
pected to hatch. However, in this study coots consistently 
hatched more than eight eggs. These data suggest that cessa-
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tlon of incubation probably was influenced by the tactile 
and/or visual stimulation of the eggs remaining in the nests. 
The number of unhatched eggs in large clutches was recorded -
and regardless of clutch size, an average of one egg did 
not hatch in each nest. Observations on adults with large 
clutches during the hatching period may give some clues to 
the mechanisms involved. 
Unhatched eggs 
The numbers of unhatched eggs or of young found dead.in 
or near the experimental nests were recorded during the 
study. The dead young were recorded because it was found 
that pipped eggs may hatch following desertion of the nest 
but that the young die without parental care. 
In this study, 13. of 118 small clutches (11^) had un­
hatched eggs (Table 14). Five of 35 nests in 1964, 3 of 41 
nests in I965, and 5 of 42 nests in I966 had unhatched eggs. 
Per cent of nests with unhatched eggs was l4%, 7^, and 1.2% 
respectively. Only two dead young were found in nests with 
,small clutches during the study. 
, A larger portion of the large clutches had eggs which 
failed to hatch. Of I05 large clutches, 34 or 32% had-an 
egg success of less than 100^. The number of nests with un­
hatched eggs was 15 of 36 nests in 1964 (42^), 13 of,44 nests 
in 1965 (30^), and 6 of 25 nests in I966 (24^). A total of 
93 
13 dead young was found in nests with large clutches during 
the study. 
Table 14. Summary of unhatched eggs in experimsntal coot nests 
Year 
1964 1 969 1966 Total 
Small Large Small Large Small Large Small Large Total 
Number of 
nests^ 5/35 15/36 3/41 13/44 5/42 6/25 13/118 34/105 47/223 
Per cent of 
nests^ 14 42 7 30 12 24 11 32 21 
Number of eggs 
hatched^ 20 191 9 181 8 77 37 449 486 
Number of ^ 
unhatched eggs 7 34 1 11 8 10 16 55 71 
Per cent of 
unhatched sggs 18 11 7 50 - 13 43 12 15 
^•ÎSïests -îAilth unhatched eggs. 
^Clutches having. Incomplete success. 
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DISCUSSION 
Experimental work has shown that coots can success­
fully incubate more eggs than they normally lay. However, 
observations were recorded only during four nesting cycles; 
therefore, all conditions which limit the ability of coots 
to hatch eggs may not have been encountered. Over long 
periods of time, such extreme conditions might limit the 
size of the clutch. 
The data suggested that coots had a greater tendency 
to Incubate large clutches than small ones. However, the 
differences were not statistically significant. Presumably, 
the larger number of eggs provided an intensified visual 
and/or tactile stimulus which increased incubation tendencies. 
When egg success of experimental nests was compared, coots 
hatched 90^ of the eggs regardless of clutch size. If only 
successful nests were considered, coots hatched 99^ of the 
eggs in small clutches and 92% of the eggs in large clutches. 
Therefore, successful small clutches produced an average of 
4 young per female and successful large clutches produced 
an average of 13 young for each female. 
Using Gullion's figure of eight birds for the number of 
young normally hatched, coots with large clutches hatched five 
more young than normal. Preliminary experiments indicated 
that brood mortality in large clutches may be severe when 
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more than ten young are in the brood. Therefore, the ability 
of coots to successfully rear a brood may be the factor which 
acts effectively to limit the size of the clutch. 
Survival of young probably varies greatly due to differ­
ences in habitat and weather conditions. During the first 
week after hatching, captive downy young always huddled near 
a source of heat except during extremely warm weather, 
indicating that brooding was vital. Gullion (195^) reported 
that both parents spent much time brooding the young during 
the first days after hatching. However, 11 observations 
indicated that most of the young are brooded by the male at 
night. Thus, fewer young could survive than if both sexes 
shared the nocturnal brooding duties equally. 
High mortality in large broods during the first week 
after hatching suggests that parents cannot rear all young 
hatched from larger than normal clutches. Thus, the failure 
to be able to rear a large brood appears to be related to 
food and/or brooding tendencies of the parents. However, if 
brooding tendencies of coots are solely responsible for 
survival of young, Lack's emphasis on food as a determining 
factor of clutch size could be questioned. 
While fee'ding young in captivity, I was Impressed by 
the quantity of food each young required before it discon­
tinued begging. With extremely large broods, adults probably 
feed the young less regularly than young in smaller broods. 
97 
Because young apparently require large quantities of animal 
matter during the first days after hatching, the avail­
ability of dragonfly nymphs and other aquatic inverte­
brates could determine the average number of young for 
which parents could find sufficient food. Either situation 
would support Lack's theory on factors determining clutch 
size. 
The data on smaller clutches found in poor habitat 
also may support Lack's theory. Presumably, food as well 
as emergent vegetation would be limited; therefore, success 
of rearing young might be lower. 
Some coots responded to small clutches by laying addi­
tional eggs—even after incubation had started. Apparently 
four eggs do not supply sufficient visual and/or tactile 
stimuli to maintain incubation drives. By some unknown 
mechanism, coots are induced to lay additional eggs. Ex­
perimentation to determine the mechanisms by which, coots 
respond to a small clutch would be most interesting but also 
most difficult, especially with, free-living populations. 
Effects of tactile stimuli on the incubation response 
of coots appear to be most easily studied. Unfortunately 
the endocrine control of broodiness in the American coot has 
not been studied, but both, progesterone and prolactin may be 
involved in broodiness (Lehrman, I961). Assuming that brood­
iness is related to the level of prolactin, bioassays or 
98 
analytical determinations might be performed to determine 
prolactin concentrations. Presumably, the small clutch re­
duced the tactile stimulus to the brood patch. If this re­
duced tactile stimulus decreases prolactin levels, the con­
centrations of prolactin could be compared between birds 
with, larger clutches. 
Additional areas which need investigation include 
studies on the ability of coots to feed young and the effects 
of the''availability of food on this relationship. Studies 
on food habits of young coots seem necessary to better under­
stand factors affecting rearing success. In conjunction 
with such a study, an analysis of food availability as well 
as utilization would be necessary. 
Ideal conditions for studies on brood survival would 
be on isolated potholes having one pair of nesting coots. 
Good survival data could be obtained by evening observations 
on young as they move to the brood ramp with the male. The 
ability of coots to cover and warm young could be tested 
under laboratory conditions. 
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SUMMARY 
Measurements of 346 coots from the Mississippi Flyway 
provided size characteristics of this population for com­
parison with other coot populations. The evidence gathered 
supported the fact that coots are not easily sexed by any 
external features. Coots could not be sexed reliably even 
when'several measurements were used. However, differences 
between the sexes were sufficiently great that an experienced 
observer could successfully sex most coots in the field by 
size of body, size of the culmen-sh-ield, or by calls. 
Measurements of the bursa made internally as opposed 
to probing indicated that depth was approximately the same 
for birds of the year and adults. Preliminary observations 
on coots suggest that differences in width exist between the 
bursas of adult and young birds, and that width of the organ 
was influenced by changes in the thickness of the material 
which forms the wall of the bursa. The fatty-looking sub­
stance was lacking in older birds. Apparently, the lumen 
of the bursa may not close completely in adult coots as it 
does in adults of most other species. 
Observations indicated that an equal share of nest 
building was done by both, members of a pair. Coots seem to 
prefer dry materials for construction. The species was very 
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adaptable and used a variety of nest materials--probably 
dependent mostly on their availability. 
The number of platforms constructed by coots during a 
breeding cycle may be dependent on the availability of 
structures built by muskrats. However, coot nests also 
may provide base structures which muskrats use for feeding 
sites, latrines, and houses. Coots are believed to be able 
to defend their nests against muskrats, but muskrats readily 
make use of the nests once coots desert the structures. 
Even though coots may use other structures for brooding and 
copulation, coots always construct their own nests. 
Years with unusually cold spring weather appeared to 
delay breeding. In a year with a late season, the average 
clutch size was eight eggs instead of nearly ten in a normal 
year. Coots also are influenced by habitat conditions. 
Birds nesting late in sub-optimal habitat tended to have 
smaller clutches. It is not known whether this is a function 
of the habitat or merely reflects the physiological condition 
of birds associated with, a particular habitat. In either 
case, these clutches not only contained fewer eggs but had a 
lower nest.success than birds nesting in good habitat. 
Soon after hatching, the parents either ate the egg 
shells or carried them from the nest and dropped them in the 
water. 
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Because eggs in coot nests hatch over a period of sever-
•al days, both brooding and incubation behavior were conducted 
simultaneously. During the first week after hatching, 
young birds were fed large quantities of aquatic insects and 
were brooded by the parents. Males appear to do most of the 
brooding at night. 
Young coots appeared to have a unique method of nest 
sanitation. Fecal material was seldom found on brood ramps 
or in nests during the brood rearing period; therefore, it 
was assumed that water provided a stimulus necessary for 
defecation. The mechanism would assure clean dry platforms 
for brooding. 
Experiments during the study showed conclusively that 
coots can successfully incubate more eggs than they normally 
lay. Presumably the increased tactile and/or visual stimuli 
associated with large clutches increased the incubation 
tendencies of the coot. Success of small clutches was lower 
but not significantly different from large clutches. 
Coots responded to egg removal by laying additional 
eggs in some nests. When eggs were removed early in the in­
cubation period, more birds responded by laying eggs. If the 
interval between completion of the clutch and egg removal was 
compared with the interval between egg removal and the laying 
of additional eggs, then no distinct pattern of laying was 
apparent. 
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If coots can successfully hatch more .eggs than in the 
average clutch, some factor other than the ability of the 
parents to hatch the eggs must be controlling the clutch size 
in this species. Evidence gathered during the study indi­
cated that adults may not be able-,to rear more young than 
appear in an average clutch. The reduction of large broods 
to a smaller size indicated that this is a possibility worth 
further investigation. 
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